Abstract Objectives: The study aims to present the indications and emphasise the role of embolisation for vascular injuries in orthopaedic surgery. Methods: Thirty-one patients with vascular injuries complicating elective orthopaedic surgery had embolisation from 2003 to 2010. N-2-butyl cyano-acrylate (NBCA) was used as embolic agent in 28 patients, gelatin sponge in three and coil embolisation in addition to NBCA or gelatin sponge in two patients. The mean follow-up period was 37 months (range, 4e96 months). Results: The most common orthopaedic operations associated with vascular injuries amenable to embolisation were hip-joint procedures; and the most common injuries were arterial tears of branch vessels or non-critical axial vessels, most commonly of the superior glutaeal artery. In all cases, angiography showed the bleeding point, and a single embolisation session effectively stopped bleeding. Embolisation-related complications were not observed. Conclusions: Embolisation should be considered the treatment of choice for vascular injuries of branch vessels or non-critical axial vessels following elective orthopaedic surgery because of the advantages of minimally invasive therapy and the lack of complications. ª
The incidence of vascular complications in orthopaedic surgery is 0.005e0.5%. 1e3 They most commonly occur in the knee followed by hip arthroplasty, spinal surgery, knee arthroscopy and fixation of long-bone fractures, 1,2,4e10 and most commonly involve the poplitaeal, followed by the tibial, superficial femoral, iliac, common and profunda femoris arteries. 2 Vascular injuries usually include lacerations, pseudoaneurysms, thrombosis and arteriovenous fistulae secondary to inappropriately placed retractors or direct vascular injury, extreme joint positioning, previous or revision surgery, malpositioned implants and fixation devices, dislocations, prosthetic loosening and periarticular ossification. 2e4,11e16 Traditional management of vascular iatrogenic injuries includes vascular surgical intervention. 1, 2, 17, 18 However, open vascular surgery necessitates the availability of a vascular surgical team and a re-operation using the same or associated approaches;
19e21 re-operation may be difficult, it may fail because the source of bleeding is not always apparent, 1, 16, 18, 19 and there is an increased risk of infection. 1, 16, 18, 19 In this setting, previous studies reported on effective treatment of vascular injuries after orthopaedic procedures using endovascular treatments, such as cover stenting and embolisation. 3,8,11,12,18e27 Endovascular treatments are less invasive and morbid than open procedures, avoid the zone of soft-tissue injury, use local instead of general anaesthesia and allow for faster recovery. 3,8,11,12,18e29 Although several studies have already focussed on selective and superselective embolisation for the management of vascular injuries complicating orthopaedic surgery, the current literature on this method is predominantly composed of technical notes or reports and series reporting on combined embolisation and open vascular or endovascular treatments; 3,18e21,23e27 hence, the outcome of embolisation therapy is mainly documented from single cases. Moreover, although angiography and embolisation are now commonly performed by vascular surgeons and interventional radiologists, the awareness level of this kind of treatment among orthopaedic surgeons seems low. We previously reported the application of embolisation for the management of primary and metastatic bone tumours. 30e32 Herein, we present the largest series with embolisation for vascular injuries complicating elective orthopaedic surgical operations, with the rationale to provide the indications of embolisation, and to emphasise the role of embolisation for these injuries.
Materials and Methods
We retrospectively studied the files of 31 patients with vascular injuries complicating elective orthopaedic surgery treated with diagnostic angiography and embolisation from 2003 to 2010. There were 21 men and 10 women with a mean age of 48 years (range, 18e88 years). No patient had coagulopathy or anticoagulation therapy before the operation; all had anticoagulation for deep venous thromboprophylaxis begun the day after the operation that was discontinued when the vascular complication was diagnosed. The mean follow-up period was 37 months (range, 4e96 months); all patients were included in the postoperative evaluation performed by their treating orthopaedic surgeons (Table 1) .
At the same time period of this study, other vascular complications also occurred in our institution during orthopaedic surgery; however, we are not aware of the exact number and type of these complications because acute haemorrhagic complications are often recognised and treated in the acute clinical situation by the orthopaedic surgeons themselves. In 10 cases, a vascular surgical consultation was requested intra-operatively; these patients had injuries of major and critical axial vessels. Nine of these were successfully treated by vascular surgeons using open vascular surgery; one patient with a perforated and ripped superficial femoral artery at the site of surgical infection following wide resection of a proximal thigh soft-tissue sarcoma was treated with hip disarticulation by orthopaedic surgeons.
The indications for angiography ( Table 2 ) and technique of embolisation were the same in all patients during the period of this study. The indications for embolisation were vascular injuries of small branch and non-critical axial vessels. In all patients, diagnostic digital subtraction angiography and embolisation were performed in the sub-acute clinical situation, at a mean of 2 days (range, 1e4 days) postoperatively. Angiography and embolisation were performed under local anaesthesia using the Seldinger technique through the contralateral femoral artery. In patients with spinal and pelvic vascular injuries, aortography was performed using a 4-French Pigtail catheter; in patients with vascular injuries at the extremities, aortography was not performed. In 28 patients, the embolic agent used was the N-2-butyl cyano-acrylate (NBCA) in 33% lipiodol. One flacon (1 ml) of NBCA was mixed with 2 ml of 33% lipiodol. From the mixture, 1 ml was aspirated in an insulin syringe; depending on the type of vascular injury, 0.1e0.2 ml of the aspirate mixture was injected under fluoroscopic control 'sandwiched' with 2 þ 2 ml of 5% glucosate solution to prevent polymerisation with blood. Then, angiography was repeated to evaluate occlusion of the vessel. If occlusion was not complete or more bleeding vessels were observed, the procedure was repeated in the same manner. In three patients (patients 2, 10 and 14) gelatin-sponge pledgets 1e2 mm in diameter, suspended in natural saline, were used as embolic agents. In two patients with arteriovenous fistula (patient 10) and pseudoaneurysm (patient 12), coils were used in addition to gelatin sponge or NBCA.
Post-embolisation angiography was performed to confirm cessation of bleeding; then, the catheters were removed and the puncture site was covered with compression dressing. Routine follow-up clinical evaluation of wound bleeding and healing was performed by the treating orthopaedic surgeons. Complications were recorded.
Results
Vascular injuries were most common in hip-joint procedures including total and resurfacing hip arthroplasty (12 patients) (Figs. 1 and 2), corrective hip osteotomy (seven patients) and tumour surgery around the hip (four patients), followed by knee-joint procedures including total knee arthroplasty (three patients) (Fig. 3 ), knee arthroscopy (two patients) and corrective knee osteotomy (one patient) and tumour surgery around the hip joint (four patients) and the spine (two patients) ( Table 1) .
In all cases, angiography showed the vascular injury and bleeding point. The most common vascular injuries were arterial tears (22 cases), followed by pseudoaneurysms (nine cases) and arteriovenous fistula (one case). The most common vascular injuries involved small branch vessels or non-critical axial vessels of the superior glutaeal (11 cases) followed by the profunda femoris (six cases), the genicular (six cases), the lateral circumflex femoral (four cases), the iliolumbar (two cases), the inferior glutaeal (one case), the medial circumflex femoral (one case) and the inferior epigastric artery (one case) (Figs. 4e6).
All patients had a single embolisation session that successfully stopped bleeding and recovered haemodynamic stability of the patients; a vascular surgical intervention was not necessary in any patient after embolisation of these types of vascular injuries. Complications related to the embolisation procedure or the embolic agent and the vascular injury, such as recurrence of bleeding or infection, were not observed. Twelve patients developed a wound haematoma; after the embolisation, two patients (patients 16 and 28) required surgical evacuation of the haematoma by their treating orthopaedic surgeons; in the remaining patients, the haematomas were treated successfully with sterile wound-dressing changes and coldpacking application. None of the patients with haematoma developed infection until the period of this study.
Discussion
Previous small series and case reports have shown that angiography and embolisation have a diagnostic and therapeutic role in the management of iatrogenic vascular complications. 3,8,9,11,16,18e21,23e27,33e36 In this study, we reported our experience with embolisation for vascular injuries complicating elective orthopaedic surgery aiming to provide the indications for embolisation, confirm the role of embolisation for vascular complications in the sub-acute clinical situation and increase the level of awareness for this kind of treatment among orthopaedic surgeons. Our results showed that embolisation was successful for tears, pseudoaneurysms and arteriovenous fistula of small branches and non-critical axial vessels without any complications, and support the role of embolisation as the first option in the treatment of these types of vascular injuries in the sub-acute clinical situation.
We acknowledge three limitations in this study. First, the sample size is small; this should be attributed to the rarity of these complications. However, although with a small number of patients, to the best of our knowledge, the present series is the largest reported in the literature regarding embolisation for vascular complications. Second, the design of the study is retrospective. However, as prospective randomised trials are difficult, especially in life-threatening situations in patients with complicated surgical operations, well-designed retrospective studies are useful to draw conclusions regarding the effect of a treatment. Third, although we did not perform an analysis to compare the cost related to the embolisation and open vascular surgery, we believe that as anaesthesia and the operative suite are not necessary and specific postembolisation rehabilitation is not required, embolisation does not result in a financial loss for the hospital compared with a re-operation, and can be applicable in a costrestricted health-care system.
Total knee arthroplasty has been associated with arterial complications twice as commonly as total hip arthroplasty (0.17% vs. 0.08%). 1 In areas of multiple branches or bifurcations, such as the upper tibia, the risk of vascular injury is increased. 1 The risk after revision-knee arthroplasty is twice as high because of encasement of the poplitaeal vessels by dense scar tissue in the poplitaeal fossa. 2 The incidence of vascular injuries in spinal surgery has been <0.05%, 6,7,9 most commonly associated with L4eL5 lumbar discectomy. 6, 9, 37 In the present series, vascular injuries were more common in hip compared with knee arthroplasty. The most common injured vessel was the superior glutaeal artery, followed by the profunda femoris artery; in contrast to the literature, 8, 10 iatrogenic vascular injuries of the genicular arteries were not rare.
Colour Doppler ultrasonography and computed tomography (CT) scan, as in the present series, is usually the initial imaging method to evaluate vascular injuries.
9,18e20,22,28,34e36, 38 The presence of a large haematoma is an indication to proceed with angiography. Angiography provides for superior image quality and detection of active bleeding even from small blood vessels, 1,3,9,18e20,28,35,36 and can be combined with endovascular procedures once bleeding is diagnosed. 9 Magnetic resonance angiography is usually not applicable in joint replacement operations because of the artefacts caused by the prostheses. Indications for embolisation are significant blood loss, coagulation defects, failure of surgical attempts by experienced personnel to control bleeding, recurrent bleeding, and bleeding sources at small branch vessels or non-critical axial vessels that are not immediately obvious and are amenable to embolisation. 2, 3, 11, 16 In this series, after initial imaging evaluation with Doppler ultrasonography and CT scan, we performed diagnostic angiography that showed injuries of small branch vessels and noncritical axial vessels. These injuries were treated successfully with embolisation in all patients. Even if the majority of small traumatic arteriovenous fistulae and pseudoaneurysms of branch arteries have been shown to thrombose over time, excessive, angiographically proven bleeding, haematoma formation and deterioration of haemodynamic status in the acute postoperative period in our patients necessitated other type of treatment than only observation. If angiography has shown complete tears, injuries of major branches and critical vessels, severely ripped, perforated, heated or occluded by plaque and thrombus vessels, embolisation would not have been performed, but rather vascular surgery would have been necessary to control haemorrhagic shock or acute ischaemia of the limb.
Considerations for choosing an embolic agent are speed and reliability of delivery, duration of occlusion and preservation of normal tissue. 8, 20, 28, 35, 36 Coils are highly radiopaque, and ideal for single and large vessel occlusion.
18e20,25 Coils can be deployed as a strut and combined with gelatin sponge or particles as occlusion agents. 28 The use of gelatin sponge alone has the disadvantage of temporary embolic effect; thus, recurrent bleeding may occur. 16, 19, 27 For multiple lesions and distal location, particles can be used. However, particles are not radiopaque and penetrate deeper into the vascular system due to lower viscosity, thereby increasing the risk of ischaemic complications. 27, 28 NBCA, 'liquid glue' is a liquid embolic agent that spreads according to its polymerisation time and vascular flow. NBCA does not permeate all the way to the capillary level, and therefore does not cause tissue death. Another advantage of NBCA in lipiodol is its dense radiopacity. In addition, NBCA can be used in patients with clotting pathologies. 9, 11 In our practice and the present study, NBCA was the preferred embolic agent because we consider it the most appropriate for controlled embolisation and permanent, complete occlusion of the bleeding vessels. If administered in low doses, sandwiched with glucosate under fluoroscopic control, post-embolisation complications are rare; if more volume of NBCA is administered at a time, it may reflux and occlude normal vessels. In three patients in this series (patients 2, 10 and 14) with injuries involving multiple small branches of the superior glutaeal and the lateral circumflex femoral artery, and an arteriovenous fistula, gelatin sponge was used as embolic agent to avoid possible ischaemic complications from embolisation of healthy tissue with NBCA. In one patient (patient 10), coil and gelatin-sponge embolisation was performed, using the coil as strut to occlude the fistula and the gelatin sponge as embolic agent to avoid pulmonary embolism with NBCA. In another patient (patient 12), coil embolisation was performed to control blood flow and protect collateral vessels before administration of NBCA.
Complications of embolisation are rare. These include the post-embolisation syndrome, 30e32 infection, haematoma at the puncture site and tissue necrosis from non-target embolisation of adjacent or distant vessels. 21,26e28,33 Death, pulmonary embolism, migration and backwash of coils have also been reported. 3 The post-embolisation syndrome with symptoms, such as fever, pain due to tissue necrosis and malaise, has been reported in 18e86% of cases.
30e32 Embolisation of non-targeted vessels can result in a large zone of tissue necrosis and may be associated with nerve palsy and long-term functional deficits, skin breakdown, muscle necrosis, infection or limb loss. 18e20,24,25 Care should be taken regarding the location and vascular supply of at-risk vital structures, such as the femoral region, to avoid embolising supply to the sciatic nerve. 30e32 The Adamkiewicz artery that originates between the T5 and L2 vertebrae should be recognised on the pre-embolisation angiography. In our practice, we have encountered the Adamkiewicz artery in the embolisation field during five embolisations for tumours of the spine; in these cases, the embolisation procedure was abandoned. In the present study, complications related to the embolisation procedure or the embolic agents and the vascular injury, such as recurrence of bleeding from the embolised site or infection, did not occur. This should be attributed to the experience of the interventional radiologists, and the use of the appropriate technique, microcatheters and embolic agents.
In conclusion, embolisation for vascular injuries of branch vessels or non-critical axial vessels complicating elective orthopaedic surgery is a highly effective, successful and safe interventional technique in the acute postoperative period. It should be considered as the first option in the treatment of these injuries because of the advantages of minimally invasive therapy and the lack of complications.
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